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In  order  to  inprore  the  ntlaslon  oepabUlty  end  rellebllitgr  of  airoraft 
and  mlsaila8)  natarlala  aubjected  to  the  hl^  tenperaturea  which  axLat  in 
gaa  turbine  enginaa,  nuolaar  powarplanta,  and  ra-antiy  vahiolaaf  and  othar 
ayatama  muat  be  lioprovad.  To  Mat  this  raquiranant  the  Bureau  of  Naval 
Waapona  ia  avpporting  a  Refractory  Matala  CavalopMnt  Prograa  at  the  Naval 
Raaaaroh  Laboratory  (NRL  proUam  No,  M01-12)  .  The  project  ia  conoarnad 
with  inproving  the  ooddatlon  raaiatanoa  of  ooluabiunf  tantalvn,  and  tuog- 
atan  by  alloying  or  coating  or  both.  The  AEL  vaa  autboriaad  by  Bureau 
of  Naval  Waapona  latter  RAPP-33/l  t  JJL  of  24  March  I960  to  teat  natariala 
davalopad  by  NRL  at  oonditiona  (within  labmtory  capability)  which  are 
repreaantativa  of  the  anvironMnt  to  which  the  satala  night  be  aopoaad. 

The  cogniiant  NRL  and  BBWEra  paraonnal  have  bean  kept  abraaat  of  the  teat 
reaulta  throu^  nonthly  nawalattara  and  paraonal  contact. 


II.  mm  y  mais 

a.  The  nine  coated  oolunbiun  natarial  failed  whan  a^qpoaed  to  the 
esdiauat  gaaaa  raaulting  fron  the  eoobuation  of  the  foUowii^  fuala  with 
air  at  the  tenperaturea  and  velocitiaa  indioatadt 

(1)  Bfdrogan  -  1800*?,  60  feat  par  aacond 

(2)  Propane  -  2200*9,  760  feat  par  aacond 

(3)  «  2300*9,  1400  feat  par  aacond 

b.  The  nine  coated  oolunbiun  plua  2JL  sirconiun  natarial  failed 
when  a:q>oaad  to  the  aidiauat  gaaaa  raaulting  from  the  ooubuation  of  the 
following  fuala  with  air  at  the  tenperaturea  and  velocitiaa  indicated: 

(1)  Bjdrogan  «•  1800*9,  60  feat  par  aacond 

(2)  Propane  -  2000*9,  500  feat  par  aacond 

(3)  JP*^4  -  2100*9,  2400  feat  par  aaoond 

e,  A  oolunbiun  plua  2$  sirooniiat  rod  with  a  aijao  coating  waa  an- 
poaad  to  a  alnulatad  reducing  eovironaant  at  a  teat  tanparatwa  of  1800^ 
without  any  datrlMntal  affect  to  the  coating. 
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ni.  sQ^miois 

t 

fbe  sine  coated  oolmblum  and  eolmblum  plus  slreonim  materlala  do  not 
offer  angr  significant  gains  vith  respect  to  permitting  higher  turbine  In¬ 
let  temperatures  for  air  breathing  gas  turbine  engines.  Current  PBrlmim 
localized  tinrblne  Inlet  hot  spot  temperatures  are  In  the  range  of  the 
maximum  satisfactory  operating  temperatures  of  the  two  materials  tested. 


IV. 


REG 


moB 


It  Is  recommended  that  the  zinc  coated  coluid>lum  and  colundilum  plus  2S( 
zirconium  materials  not  be  considered  for  use  as  gas  turbine  engine  com¬ 
bustion  and  turbine  coeponent  materials. 


V.  psscp-xmpy 

a.  Two  materials  were  an^plled  to  AH,  for  testing  over  a  range  of 
tenperatures  and  velocities  vith  various  fuels.  The  first  was  a  pure 
columblum  rod  vith  a  zinc  coating;  the  second  was  a  ooluiid>ium  rod  contain¬ 
ing  a  2$  addition  of  zirconium  vith  a  zinc  coating. 

b.  The  materials  to  be  tested  were  cylindrical  in  shape  with  a 
diameter  of  0.1  Inch  and  a  length  of  approximately  2  7/6  inches.  Most  of 
the  rods  svq^tplled  had  surface  areas  on  which  a  scade  was  present  resulting 
from  the  technique  used  In  tbslr  fabrication.  Also,  the  surfaces  of  the 
rods  vere  Irregular. 

c.  The  high  teoperature  gases  vere  supplied  by  the  combustion  of 
the  following  fuels: 

(1)  hydrogen  (technical  grade)  having  a  minimum  of  99%  by  volume 
of  hydrogen  as  specified  in  Federal  Specification  BB-H-886. 

(2)  Propane  containing  a  minimnai  of  95%  by  volume  of  propaiM  as 
specified  In  the  Nat\iral  Gasoline  Association  of  America  Pu^ieation  21^0. 

(3)  Jet  fuel  grade  JF-4  conforming  to  Specification  MIIi-J-5624. 

d.  Technical  grade  benzene  was  used  in  tests  numbered  5  and  6 
which  conformed  to  Federal  %}eciflcatlon  VV-B-231C. 


VI.  MSmi  QF.TESl 

a.  The  high  tenqperatxire  combustion  esdiaust  gases  to  which  tbs  test 
pieces  were  subjected  vere  supplied  by  a  burner.  The  test  pieces  vere 
held  in  a  test  section  immediately  downstream  of  the  burner.  A  schematic 
drawing  of  the  test  facility  is  shown  on  plate  1 . 


>4'  y 


5 


b«  Plat«  1  ahows  the  test  section  mounted  in  the  test  facility. 
Metered  air  enters  the  burner  through  the  inlet  air  duet.  In  the  burner, 
fuel  is  injected  into  the  air  aM  burned  thus  providing  the  high  tenqpera- 
ture  exhaust  gases  required  to  test  the  materials  mounted  in  the  test 
section^  The  view  port,  vhich  was  inclined  60°  from  the  direction  of  flow 
on  the  rq>stream  side  of  the  tost  section,  provides  visual  observation  of 
the  rode  dtirlng  the  test.  The  state  (pressure,  teiqwrature,  and  velocity) 
of  the  esdiaust  gases  is  determined  by  instrumentation  immediately  down¬ 
stream  of  the  test  section.  A  rake  of  three  thermoooi^les  is  used  for 
temperature  measurement  and  the  pressure  at  the  test  section  is  measured 
by  a  rake  of  three  total  pressure  probes.  The  test  temperatures  reported 
throughout  the  report  refer  to  the  smximum  gas  stream  tengpeTature  as 
measured  by  the  rake  of  three  total  temperature  thermocoiqples.  The  rela¬ 
tionship  between  the  surface  teii;>eratwe  of  the  test  materials  and  the 
gas  stream  tesperature  was  deterMned  with  the  aid  of  themoooiples  welded 
on  the  surface  of  several  stainless  steel  test  rods.  The  burner  was 
operated  at  several  gas  stream  tenperatures  with  the  surface  temperature 
of  the  instrumented  rods  recorded  for  each  gas  stream  temperature.  The 
maxiatnn  surface  temperature  and  the  maximum  gas  stream  tuperature  are 
nearly  identical  as  indicated  by  the  data  shown  on  plate  2.  The  agremnent 
in  surface  and  gas  stream  t«iperatures  la  due  largely  to  the  method  by 
which  the  test  rods  are  held  in  the  test  section  which  minimizes  heat 
transfer  losses  from  the  rods.  The  velocity  at  the  test  section  was 
derived  from  the  other  measured  quantities.  The  sections  of  the  duct 
work  downstream  of  the  buzner  are  wrapped  with  asbestos  to  reduce  heat 
transfer  losses  by  conyaction  and  radiation  of  the  walls  to  their  sur¬ 
roundings. 

0.  The  test  rods  were  mounted  normal  to  the  direction  of  flow  of 
the  burner  exhaust  gases  and  are  shown  mounted  in  the  test  section  in 
plate  3.  Based  on  MRL's  warning  that  a  compatibility  problem  might  exist 
due  to  contact  twtween  the  test  material  and  the  mat^ials  used  in  the 
test  section,  a  test  section  was  designed  that  would  mixilmise  this  prob¬ 
lem.  Plate  4}  which  is  a  view  of  the  disassembled  test  section,  shiws  the 
means  by  which  this  problem  was  circumvented.  The  three  large  porcelain 
beads  are  used  to  sippcrt  and  insulate  the  test  rods  while  the  slender 
porcelain  strips  we  used  to  locate  the  rods  centrally.  The  string  asbes¬ 
tos  is  used'  to  allow  for  ISngtfawise  expansion  of  the  test  pieces  at  el¬ 
evated  teoperatures.  The  detecrews  hold  all  of  the  above  in  place  during 
the  test.  Plate  3  shows  the  test  section  assembled.  All  of  the  items 
shown  on  plate  4  have  been  used  in  this  assembly. 

d.  The  weight  flow  of  the  air  axid  gaseous  fuels  used  was  determined 
by  means  of  orifice  plates.  The  weight  flow  of  the  liquid  fuel  was  deter¬ 
mined  by  the  use  of  a  calibrated  rotameter. 

e.  The  exhaust  products  of  the  combustion  process  were  ducted  to 
the  plant  esdiaust  system. 
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All  of  tha  taata  vara  of  flva  houra'  duration  excapt  teat  nuabar 
7  vhloh  vaa  tamdjoated  aftar  two  houra  and  forty  adnutea  dua  to  facility 
prcblama. 

g.  At  tvanty-adnuta  Intarvala,  tha  roda  vara  inapectad  vlaually  and 
raadlnga  of  all  tha  Inatrumented  variablaa  vara  takan  to  Inaura  that  tha 
propar  teat  condltlona  vere  being  maintained, 

h.  In  order  to  determine  the  atability  at  high  temperatures  of  tha 
aino  coating,  carbon  which  haa  a  high  affinity  for  oxygen  vaa  placed  on 
the  surface  of  a  rod.  The  carbon  deposit  vaa  obtained  by  rotating  the 
test  rod  in  the  reducing  flame  of  a  bunaen  burner  burning  mtural  gas  which 
had  bubbled  through  a  container  of  benaena.  In  teat  nisober  5  one  al. 

Icy  rod  coated  as  described  above  and  one  alloy  rod  without  a  carbon 
deposit  (control  rod)  were  tested  using  propane  (03%)  as  the  fuel  for  tha 
burner. 


1,  In  order  to  check  the  atability  of  the  coating  whan  in  a  contin¬ 
uously  carbon  enriched  environment,  the  burner  fuel,  propwe,  was  per- 
ulttG^  to  bubble  through  a  cylinder  containing  benaena  prior  to  injection 
into  tha  burner.  This  procedure  was  used  in  test  number  6. 

j  .  The  ccagpositlon  of  the  asd^ust  gases  was  determined  with  a 
Schola^er  micro  gas  analyser  technique  which  uses  an  absorption  principle 
for  its  measurements * 

VII.  mmsm  w  mm  m  Pisgvsgiw 

a.  The  success  or  failure  of  tha  materials  tested  at  AEL  was  deter¬ 
mined  by  visual  inspection  during  and  aftar  the  test.  It  was  possllde  by 
visual  inspection  to  determine  changes  in  the  surface  condition  of  the 
materials.  These  changes  fell  into  the  following  categories: 

(1)  Surface  corrosion 

(a)  Surface  changes  that  either  appeared  as  a  deposit  or  as 
a  change  in  color  were  reported  as  surface  corrosion. 

{i)  Riptwe  of  coating 

(a)  This  change  was  evidenced  by  the  absence  a  portion 
of  the  coating  or  a  bulging  of  the  coating.  This  cotild  possibly  result 
from  a  difference  in  the  expansion  rate  between  the  coating  azxi  the  base 
material, 

(3)  Needle-like  growths  j 

(a)  These  growths  originated  at  the  surface  the  test 
materials  and  proceeded  to  grow  outward  from  the  surface.  In  most  cases 
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this  Kppuent  ratio  of  the  length  to  diameter  of  theae  growtha  vaa  greater 
than  4:1 «  Theae  growtha  are  poaaibly  the  aame  aa  the  aingle  erjat^a  of 
a>  (  ct'*’  found  to  grow  on  the  oxide  aurfaoe  of  obluabium 

abotre  1472^  vhioh  waa  deaoribed  in  Teohnioal  (Soientifio)  Rote  No,  2  of  . 
April  1960,  "High  Temperature  Oxidation  of  Niobium"  by  Per  Kofatad, 
KQlatein  Kj/Ueadal,  Joar  Markali,  and  Nioo  Norman  at  the  Central 
Inatitxzte  for  Induetrial  Beaearoh  in  Oalo-Blindem-Nbrway. 

b.  Table  I  liata  the  test  number  and  the  materiala  uaed  in  that 
teat.  The  table  also  indioatea  tbs  object  of  each  teat,  the  actual  con^ 
ditiona  of  the  teat,  and  pertinent  remarks  as  to  the  results  of  the  teat. 


M  ai  aff«6tad 
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0*  In  tests  nvunbersd  2^  3,  ai4  both  the  zinc  coated  oolmblm 
and  the  slno  coated  columbiisn  plus  2$  zirconium  were  exposed  to  exhaust 
gases  from  the  combustion  of  bydrogen  and  air*  Both  materials  failed  when 
esqposed  to  an  exhaust  gas  tenperature  of  1800°P«  As  can  be  seen  on  plates 
5  and  6,  the  coating  on  the  coliimbium  rod  had  raptured  slightly,  whereas 
several  needle-llke  growths  had  developed  on  the  surface  of  the  columbium 
pltiS  2%  zirconium  rod. 

d.  The  aim  of  testa  numbered  5  and  6  was  to  determine  the  stability 
at  high  tesperatures  In  a  simulated  reducing  environment  of  the  zinc  coato 
Ing  used  on  the  oolTxnbltmi  materials.  This  was  acoonplishsd  in  test 
number  5  b7  exposing  two  zinc  coated  coltimblum  plus  2%  ziroonlum  rods  to 
a  tecperatiu'e  of  1800^  after  ebaiing  one  of  the  rods  with  carbon  as 
described  In  paragraph  8  of  Kethod  of  Test.  The  1800^  exhaust  gases 
resulted  from  the  Combustion  of  propane  with  air.  At  the  beginning  of  the 
test  a  portion  of  the  asbestos  gasket  used  as  a  seal  between  the  flanges 
of  the  ducting  broke  off  and  impinged  on  the  rods.  Approximately-  twenty 
minutes  bad  elapsed  before  this  condition  was  observed  and  the  -test  was 
Interrupted  to  permit  the  removal  of  the  asbestos.  After  resuming  the 
test,  the  coating  on  the  rod  with  the  carbon  deposit,  which  was  the  rod 
that  most  of  the  asbestos  had  impinged  on,  began  to  bulge  and  continued 
bulging  throughout  the  remainder  of  the  test.  The  bulged  surface  of  the 
rod  eventually  ruptured,  eoposlng  the  columbium  plus  2$  zlrconlm  mata~ 
rial  to  the  high  temperature  environment.  At  the  completion  of  the  test 
it  was  observed  that  the  central  portion  of  this  rod  was  void  in  the  region 
of  the  rupt\ire,  leaving  only  -tiie  bulged  siurface.  This  portion  of  the  rod 
shattered  before  a  photograph  could  be  taken.  Surface  corrosion  was 
present  on  the  remainder  of  the  rod  which  Is  shown  on  plate  7.  The  colum> 
bium  plus  2%  zirconiui  rod  without  a  carbon  deposit  (con-trol  rod)  did  not 
bulge  but  corrosion  of  the  surface  had  taken  place.  A  considerable  por¬ 
tion  of  the  surface  of  this  rod  separa-ted  from  the  Inner  layers.  This  con¬ 
dition  is  shown  on  plate  8.  The  section  of  the  surface  which  fell  off 
coincided  with  that  portion  of  the  rod  which  had  been  in  contact  with  the 
asbestos.  The  asbestos  material  is  wire  reinforced  and  contains  a  rubber 
bonding  agent  in  conformance  with  specification  number  Fed  HH-P-31  which 
calls  for  at  least  90%  Cbrysotile  asbestos  and  10%  Cotton  as  a  maximum. 

The  wire  reinforcing  is  a  brass  wire  of  0.007a0.001  in.  diameter.  The  com¬ 
position  of  Chrysotlle  asbestos  obtained  from  "The  Encyclopedia  of  Chsmistiiy" 
by  Clark  and  Hawley  of  1957  is  as  follows; 


Constituent 


Weight  Percent 


SiOo 

MgO 

FeO 

Fe203 

AI2O3 

HoO 

CaO 


37-44 
39-44 
0.0-6.0 
0,1-5.0 
0.2-1 .5 
12.0-15.0 
Tr-5.0 
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N,R.L.  was  Infomad  of  the  detalla  of  this  teet  and  the  materials  were 
given  to  them  so  that  any  metallurgical  or  ohemlOal  tests  that  were  desired 
could  be  performed 4  Whether  the  failure  of  these  rods  can  be  attributed 
to  an  incompatibility  between  the  zinc  coating  and  asbestos  has  not  been 
determined. 

e.  During  test  number  6  one  zinc  coated  oolumblum  plus  2^  zirconium 
rod  was  e3q;>08ad  to  an  1800^  exhaust  gas  environment  resulting  from  the 
combustion  of  propane  which  had  been  bubbled  through  a  cylinder  containing 
benzene.  This  technique  esqposed  the  rod  continually  to  high  temperature 
carbon  enriched  exhaust  gases^  The  zinc  coated  columbitaa  plus  TSh  zirconium 
rod  was  not  adversely  affected  by  the  environment  noted  above. 

f.  In  tests  numbered  4>  7>  9>  10,  and  11  zinc  coated  columbiUm  and 
zinc  coated  columblum  plus  2^  zirconium  rods  were  exposed  to  exbaUst  gases 
produced  by  the  combustion  of  propane  with  air.  The  results  of  these 
tests  are  plctorially  summarized  on  plate  9  for  the  zinc  coated  columblum 
material  and  on  plate  10  for  the  zinc  coated  columblum  plus  2SC  zirconium 
material.  These  tests  indicate  that  the  zinc  coated  columblum  material 
must  be  used  at  tenperatures  below  2200°F,  whereas  the  zinc  coated  colum- 
him  plus  2$  zirconium  material  must  be  used  at  tenperatures  below  2000*^ 
when  placed  in  an  exhaust  gas  environment  resulting  from  the  combustion  of 
propane  with  air. 

g.  In  tests  numbered  12  through  18  the  test  pieces  were  esqposed  to 
exhaust  gases  resulting  from  the  combustion  of  a  liquid  fuel  (JF*>4)  with 
air.  Due  to  the  tenperature  distribution  at  the  exit  of  the  liquid  fuel 
burner  the  two  test  pieces  were  at  different  tenperatures.  The  tempera* 
tures  indicated  in  table  I  and  throughout  the  bo^  of  the  report  refer  to 
the  maximum  gas  stream  temperature  inpii^ging  on  each  rod  for  these  tests. 

h.  In  tests  numbered  12,  13,  14*  15,  17,  and  18  zinc  coated  cclum* 
blxxm  and  zinc  coated  columblum  plus  Hft  zirconium  rods  were  esqtosed  to 
exhaust  gases  produced  by  the  combustion  of  JP-4  with  air.  The  results  of 
these  tests  are  plctorially  summarized  on  plates  11  and  12  for  the  zinc 
coated  columblum  material  and  on  plates  13  and  14  for  the  zinc  coated  col¬ 
umblum  plus  2^  zirconium  material.  This  series  of  tests  Indicatesthat  the 
zinc  coated  columblum  material  must  be  used  at  temperatures  below  2300°F, 
whereas  the  zinc  coated  colimibium  plus  2$  zirconium  material  must  be  used 
at  tenperatures  below  2100°F  when  placed  In  an  exhaust  gas  environment 
resulting  from  the  combustion  of  JF-4  with  air. 

i.  In  test  number  18  both  rods  had  suffered  a  permanent  deformation 
due  to  the  aerodynamic  loading  at  the  tenperature  of  the  test.  This  de¬ 
formation  is  not  considered  significant  since  it  could  be  reduced  to  any 
acceptable  amount  by  Increasing  the  cross-sectional  area  of  the  rods. 


Sanples  of  tho  exhaust  gaaea  were  taken'  in  testa  numbered  8  and 
9  and  analyzed  vlth  aSoholander  micro  gas  analyzer  to  determine  the 
-weight  percentage  of  carbon  dioxide  (CO2)  and  oxygen  (02)«  In  test  number 
8,  since  hydrogen  vas  used  as  the  fuel  in  the  burner ^  the  determination 
of  the  carbon  dioxide  content  was  omitited*  For  test  number  8  It  was 
determined  that  oxygen  conprlzed  16.3^  by  weight  of  the  exhaust  gases.  In 
test  nisnber  9  it  was  determined  that  the  exhaust  gases  contained  14*7!£  by 
weight  of  oxygen  and  6.7^  by  weight  of  catrbon  dioxide. 

k.  Table  II  summarizes  the  test  results  indicating  the  appsu^ent 
success  or  failure  of  the  materials  at  veurious  temperatures  and  velocities. 
The  te^t  was  considered  a  failure  if  the  coating  of  the  material  ruptured, 
blistered,  or  developed'  needle^like  growths. 

TABLE  II 

rSgl.RESgU^ 


_ Coluabium _  Columblum-a  ZircoBiua 

Teat  Temperature  -  °!F/TeBt  Velocity  -  Ft/Seg_ - 


... 

H2 

,  f  asa^ 

. .gaa.,. 

1800/60 

fftfla. 

1800/60 

C3H8 

1800/60 

1800/500 

2000/500 

2200/76) 

1800/60 

1800/500 

'  2000/500 
2200/760 

JP-4 

2000/1400 

1825/2400 

2110/2400 

1875/1330* 

2310/1400 

1625/1400* 

1610/1330 

2050/1400 

1625/1400 

2000/1400 

1825/2400 

2110/2400 

*  Failure  Questionable  -  Coating  on  rod  appeared  to  have  ruptured  and 

"healed''. 

1,  An  effect  of  velocity  was  o'bserved  only  at  the  highest  tenpera~ 
ture  and  highest  velocity  test  conditions.  This  effect  was  an  obsenred 
pemanont  deflection  of  the  specimena ,  which  la  a  function  of  the  elastic 
limit  of  the  columbixun  icateriale  aivl  their  oro88-8ectlc''al  area. 

m«  Currently  peak  turbine  inlet  tesperaturee  of  air  breathing  gas 
turbine  engines  are  in  the  range  of  2COO  to  2200°F,  Since  the  limiting 
ten^rature  of  the  materials  tested  le  in  the  same  tenperature  range, 
there  would  be  no  advantage  gained  by  the  use  of  these  materials  in  air 
'breathing  gas  t\rblne  engines  luing  hQrdrooarhon  fuels. 
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plate  2’ 


TEST  SECTION  ASSEMBLED 

1  -  Pure  Cb  Rod 

2  -  Cb  plus  2%  Zr  Rod 

3  -  Test  Section  (Stainless  Steel) 


NO:  CAN-333625(L)-1-61 


PLATE  3 
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TEST  SECTION  DISASSEMBLED 

1  -  Test  Section  (Stainless  Steel) 

2  -  Pure  Cb  Rod 

3  -  Cb  plus  2%  Zr  Rod 

4  -  Porcelain  Supports 

5  -  Asbestos  (String) 

6  -  Setscrew 


PHOTO  NO:  CAN-333626(L)-1-61 


PLATE  4 


RODS  AFTER  TEST  NO.  8  UPSTREAM 

Top  Rod - Zinc  Coated  Columbium 

Bottom  Rod  --  Zinc  Coated  Columbium 
Plus  2%  Zirconium 


PHOTO  NO;  CAN-324714(L)-ll-59 


PLATE  5 


RODS  AFTER  TEST  NO.  8  DOWNSTREAM 

Top  Rod - Zinc  Coated  Columbium 

Bottom  Rod  —  Zinc  Coated  Columbium 
Plus  2%  Zirconium 


PHOTO  NO:  CAN-324713(L)-ll-59 


PLATE  6 


ZINC  COATED  COLUMDIUM  PLUS  2%  ZIRCONIUM 
WITH  CARBON  DEPOSIT  AFTER  TEST  NO.  5 

PHOTO  NO:  CAN-32442 9(L)-11 -59 


PIATE  7 


ZINC  COATED  COLUMBIUM  PLUS  2%  ZIRCONIUM 
WITHOUT  CARBON  DEPOSIT  AFTER  TEST  NO.  5 
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PHOTO  NO:  CAN-324431(L)-ll-59 


PLATE  8 
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DOlUnSTREPIH 


TEUlPERflTURE  2000°  F 


TEmPEROTURE  Z200°F 


Zinc  coniED  colupubioiii  after  exposure  to  PROPRnE-niR 

comBusTion  products 
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PLATE  9 


TEIIlPERflTURE  ZZOtTF 


Zinc  COATED  coLumBium+zVo  ziRConium  after  exposure 

TO  PROPADE-AIR  CORlBUSTIOn  PRODUCTS 


PHOTO  NO:CAN-333633(L)-l-6l 


PLATE  10 


TEUlPEMTUflE  1825°  F 


TEdlPEftflTURE  1875°  F 


Zinc  coffiEO  CGLumfiium  after  exposure  to  jp-4-niR 

comBusTion  prtoucts 

(l625°F  -  -  1875°f) 
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PHOTO  N0!CAN-333634(L)-|-61 
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UPSTREPm  OOUinSTflERIIl 


TEmPEMTURE  Z310°F 

zaio  COATED  COLUmBIUm  AFTER  EXPOSURE  TO  JP-4-RIR 

COniBUSTIDO  PRODUCTS 
(2000°F-- 23107) 
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PHCfTO  NO:  CAN -333635 


PI.ATE  12 


UPSTREfllD 


DomnsTREflm 


TEHIPERRTURE 1610°  F 


TEOlPEPflTURE  1625°  F 


TEOIPERRTURE  1825°F 


Zinc  COATED  COLUHlBIUHl+ZXZIRCOniUfll  after  exposure 

TO  JP-4-RIR  COlABUSTIOn  PRODUCTS 
(1610°F  -  1825°F) 


PHOTO  NO:CAN-333636(L)-|-6j 


PLATE  13 
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DOlDnSTRERdl 


no  PHOTO 

TEIllPEHflTURE  2000°F 


TEfOPERflTUflE  2050'F 


TEmPERflTURE  2110°F 

Zinc  CORTEO  C0y0lllBIUIll+27o  ziRconium  rfter  exposure 

TO  JP-4-fllR  COlIlBUSTIOn  PRODUCTS 
(2000°F-2110'F) 


PHOTO  NO:CAN-333637(L)-l^61  PLATE  14 


